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Introduction

e Europa Clipper Mission
* Europais a moon of Jupiter

* The Jovian Environment

* Jupiter’s large magnetic field creates a high-radiation
environment as well low energy plasma charging
environments

* Jupiter’s distance from the Sun ~5 AU
* Low solar energy yields a cold environment

 Thermal Control Coating (TCC)

* White and Black coatings needed
* Local variations in heating/cooling needs
* Globally, the spacecraftis in a cold environment
* All the coatings must have low resistivity to reduce charge

build-up and lower the probability of Electrostatic
Discharge (ESD) events occurring

* Spacecraft instrument sensitivities are quite high, increasing
susceptibility to noise pickup from ESD events

* Magnetometer systems are a good example of sensitive detectors
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Typical Test Conditions

Credit: NASA/JPL-Caltech
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Thermal conditioning specimens prior to charging tests:
1. Pre-condition vacuum bake, 100C, 89 hours

2. In-situ vacuum bake, 100C, 10 hours
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* Highly elliptical orbit to minimize total

radiation dose

* Typical 40-hour encounter phase in charging
environments during Europa surveys

* A compromise for lab testing was to use a four
times (4x) flux for 10-hours

e For sample thickness > 2 mils: Electron flux of
0.5 nA/cmA2

* For sample thickness < 2 mils: Electron flux of
0.72 nA/cm”2

Focus on surface charging for the Thermal
Control Coatings

* Coatings tend to be thin but can cover large areas
* Electron Beam Energy = 60 keV (on sample)

Screening test at Room Temperature (RT)
* 4-hours at RT

Principal tests at -170 C (cryogenic)
* 10-hours at-170C

1 GHz bandwidth oscilloscope



Sample Sizes and Area Scaling

* Typically, the coatings were applied to a
thin Aluminum substrate

* The original test samples were 3.5-inch x
6.0-inch (8.9 cm x 15.2 cm)

 When a coating exhibited significant
charging and/or large magnitude ESD
events, it was removed from
consideration for use on the spacecraft

* |f a coating showed modest ESD activity,
or low magnitude peak currents, then
samples were created in two distinct sizes
to allow a check on peak ESD current A z}
magnitude as a function of coating area

* Two sample sizes provided: « - e 2
 4.0-inch x 4.0-inch (10.2 cm x 10.2 cm)
e 8.5-inch x 8.5-inch (21.6 cm x 21.6 cm) —

Credit: NASA/JPL-Caltech

@ Jet Propulsion Laboratory ) 16th Spacecraft Charging Technology Conference 4
California Institute of Technology

EUROPA SURFACE

-




Top View Schematic of Vacuum Chamber Setup

LN2 Shroud

Motorized Stage (1D)

Chamber
Door

Electron Flood

Scattering Foil

Jet Propulsion Laboratory
California Institute of Technology

Ports with Electrical Feed-throughs




Vacuum Vessel Test Chamber
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Credit for both pictures:
NASA/MSFC/T. Schneider
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Original Setup
3.5-inch x 6-inch
(8.9cm x 15.2 cm)
Sample Size

Trek probe allows for non-
contact measurement of
the surface potential. The
probe is constructed with
an electrically insulating
shaft; therefore, it must be
housed in a metal shield to
avoid charging and ESD
generation.

Credit: NASA/MSFC/T. Schneider
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metal housing
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Copper Plate
Trek probe calibration
T and parking spot

2 \\y“ ) \
.5.‘\‘ “\‘ \’\ .‘\ ‘
p Ui\

o tp /i
e W i N\ 5 'y
3 A A
SN, o \y }
. @ ‘,'/ o
-, " 4 W e y vy

d Motorized translation
2 stage for moving Trek

probe and Faraday cup
" X -7: e




Original Setup
3.5-InCh X 6-InCh EyErl/;C'frr:‘lgjr,‘/;:ith Aluminum
(8.9cmx15.2cm) et
Sample Size i/
View from |

Chamber Door

L 4

Lamp position adjustable via
rotary feedthrough

Sample cooling required
a cold plate as well as
liquid nitrogen (LN2)
cold shroud | -

g B
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Lol ¢ Round cold plate (3.5-inch diameter)
T with tapped holes in the center

Credit: NASA/MSFC/T. Schneider
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Samples

Credit for all plctures NASA/MSFC/T. Schneider

3.5-inch x 6.0-inch (8.9 cm x 15.2 cm)
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8.5-inch x 8.5-inch (21.6 cm x 21.6 cm) Z93C55

I,
v

Shadow due to angle of light
source and position of translation
stage at bottom of chamber

Credit: NASA/MSFC/T. Schneider
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Bare Aluminum Sample Used for “Empty Chamber” Test 2\
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So-called “Empty Chamber” y AR A s Vi AN Sl
tests were conducted to o e P M 2 AT Bl h /6 R S
determine the noise floor
and the waveform
characteristics associated
with spurious ESD events,
i.e., discharges not
occurring on the sample
surface.
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ESD Waveforms: Real vs. Spurious

Genuine “Real” Discharge Waveform Spurious Discharge Waveform
Cryo-Arc-082118155633 — Hi-Res Cold-Arc-051319102005 —Hi-Res
— Low-Res —Low-Res
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Real Discharge Waveform Spurious Discharge Waveform
e Predominately positive-going current e Numerous bi-polar (ringing) current
waveform with integrated net charge in waveforms with integrated net charge
the few hundred pico-coulomb range approximately zero or slightly negative
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Example of Genuine Electrostatic Discharge on the

Sample Surface

The positive-going signal suggests
electrons leaving the sample and
sourcing charge from the Aluminum
substrate. Most likely an ESD event
on the top surface of the sample.
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Typical “Empty Chamber” Noise Waveform

Empty-Chamber-Oscope2-20220314 Cold-Arc-031422091156
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Trend/Overview Analysis

Z7.307-4x4-Cold-20210212

Plate-CP

Following a 10-hour test, the
team found it was helpful to plot
the Peak Current vs. Time from
Start (of the electron exposure)

105_- ° ] o_f

Trends in discharge polarity,
maximum currents reached, and
changes over time could be
readily spotted

Peak Current (x1 mA)
~
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Data points included in the plot :
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Table of Samples with Descriptions

Designation Color Type Manufacturer TEia::zter Primer
AZ2000IECW White Inorganic AZ Technology None Rub Prime |
Z93C55 White Inorganic  Alion Science & Tech None Rub Prime
Aptek 2719 White  Organic Aptek Laboratories 20% Xylene  SS4155
Aptek Custom on Kapton White  Organic Aptek Laboratories Proprietary  Proprietary
Aeroglaze 2307 V2 Black  Organic Lord Corporation None 4860-52
Aeroglaze 2307 V1 Black Organic Lord Corporation None 9929 w/ C
MH55ICP Black Inorganic  Alion Science & Tech None Rub Prime
BR-127 NC/ESD Black  Organic Cytec Industries None None
Aptek 2555 Black Inorganic Aptek Laboratories Proprietary  Proprietary
Aptek 2554 ESD White Inorganic Aptek Laboratories Proprietary  Proprietary
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Listing of Coating and Charging Test Results

Material Test# | Test Condition Color Temp(C) Energy (keV) [Flux (nA/cm2)| # of Triggers TREK Probe(llic';rema Value | Valid JZ(r)Cfsiample
4 hrs RT . 25<T<30 0 -0.11 0]
AZ-2000 IECW 2 10 hrs Cold White 170 60 0.5 5 031 1
4 hrs RT <T< . -0.
Aptek 2727 1 White 25=7=30 60 0.5 = 0.57 0
10 hrs Cold -170 60 0.5 59 -4.78 25
4 hrs RT . 25<T<30 0 -0.09 0
#9365 ; T0hrs Cold | "'Me 170 o0 0> 0 0.28 0
4 hrs RT 25<T<30 1 -0.12 0
Aeroglaze 7307 VI 1 10 hre Cold Black 70 60 0.5 > 0.32 0
4 hrs RT . 25<T<30 0 -0.04 0
Aptek Custom 3 10 hre Cold White 70 60 0.5 6 044 0
4 hrs RT : 25<T<30 0 -0.10 0
Aptek 2719 > 10 hrs Cold | Vit 170 60 0-5 69 -0.23 25
4 hrs RT 25<T<30 1 -0.17 0
Aeroglaze 2307 VII 3 10 hrs Cold Black 70 60 0.72 > 0.43 1
4 hrs RT 25<T<30 0 -0.08 0
MHS55ICP 2 10 hrs Cold Black 170 60 0.5 0 008 0
A | Z307 VI 2 4 hrsRT Black 225730 60 0.72 2 0.1/ 0
eroglaze 10 hrs Cold ac 170 ' 13 -0.49 2
. 4 hrs RT 25<T<30 0 -0.12 0
BR-127NC ESD Primer 2 10 hrs Cold Black 170 60 0.72 0 030 0
| 4 hrs RT lack 25<T<30 0 -0.16 0
Aeroglaze Z307 V4 2 10 hrs Cold Blac 170 60 0.72 11 048 5
4 hrs RT 25<T<30 0 -0.15 0
A Sass ! T0hrsCold | DocK 7170 €0 0.5 10 20.35 1
4 hrs RT . 25<T7<30 0 -0.09 0
Aptek 2554ESD 1 10 hrs Cold White 170 60 0.5 0 02 1
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Samples in red were removed from the candidate list
due to discharge behavior or processing issues
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Coatings with Optimum ESD Performance

Samples below exhibited zero valid arcs during the combined 14 hours of
exposure

Material Test # Test Color Temp Energy Flux #of |TREKProbe Extrema| Valid # of
Condition (C) (keV) [(nA/cm2)| Triggers Value (kV) Sample Arcs*
e [ ) g R o o 1+ o
ptek Custom | 3 | T white SRR 60 o : oa 8
MHSSICP 2 |m :rrsS e o o : 02 8
ICED | ) [ o B | o [ e
Aeroglaze 7307 VI | 1 13 :rf’ g;d Black [22 i;é =S 0.5 ; :8:;; 8

* Process development necessary for Z-93C55 use
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Screening Coating Performance

« Samples with zero valid arcs are considered a PASS
« Samples with few, small arcs require further testing

Material Test # Test Color Temp Energy Flux # of TREK Probe Extrema Valid # of
Condition (C) (keV) (nA/cm2) | Triggers Value (kV) Sample Arcs*
4 hrs RT 25<T<30 1 -0.17 0
Aeroglaze 7307 VII 3 10 hre Cold Black 170 60 0.72 5 0.43 1
4 hrs RT 25<T<30 o) -0.17 0
Aeroglaze 2307 VIII 2 10 hre Cold Black 170 60 0.72 13 0.49 5
A | 5307 V4 5 4 hrs RT Black 25<T<30 60 0.7 0 -0.16 0
erogiaze 10 hrs Cold | ~°° 170 | 11 0.48 2
4 hrs RT 25<T<30 0 -0.15 0
Aptek 2255 ' [Tohrscold | 22 [ 170 *0 0> 10 0.35 1
4 hrs RT . 25<T7<30 0 -0.09 0
Aptek 2554ESD 1 10 hre Cold White 170 60 0.5 20 0.0 1
@ Jet Propulsion Laboratory ) 16th Spacecraft Charging Technology Conference 20
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Summary

A Thermal Control Coating ﬁTCC) Charging Test Campaign has been undertaken to find
coatings that meet the challenging spacecraft charging environment associated with the
Jovian system

* Key focus was encounters with the moon Europa
* Initial screening of candidate coatings showed overall good Electrostatic Discharge (ESD)
performance.
e Typical peak current magnitudes were in the low 10’s of milliamps.
* The low peak current magnitude forced the MSFC team to improve their chamber’s ESD
cleanliness
* Added conductive foils and tapes in areas of the chamber near the sample location
* Implemented “Empty Chamber” tests using bare Aluminum samples to establish the noise floor
and the waveform characteristics associated with spurious discharges

* To make a final determination on the usage of a coating that generated a modest
number of discharges, an area scaling test was conducted to ensure the magnitude and
frequency of the discharges did not scale with area

* None of the coatings exhibited a direct correlation in peak current as a function of area

* In the end, the JPL team was able to down select to a set of coatings that met their
thermal and ESD performance metrics
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* NFRSA FFL

Credit: NASA'’s Jet Propulsion Lab

Launch Target: October 2024 with Jupiter Orbit Insertion in 2030



Back-up Charts

Extra Examples and Pictures
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Typical Empty Chamber Noise Waveform

Empty-Chamber-Oscopel-20220314
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CP-4100 (A)
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Cold-Arc-031422161444

0.06 )

| 0.052 A L

0.04F ﬁ .

| 24.9 ns |

i i ;

0.02 il ]" - 938 sec ]

0.00 3 griv.t ]

-0.02} it g
-0.04 " g . .

-0.4 -0.2 0.0 0.2 0.4 0.6
Time (usecs)

60 |

40} | 408mA -

= | o

E >k i|- 23.9 ns ]

— ! b 938 sec ]

;""f-l IR ol eyt -'

< ]

20k i
40 , \ . .

-0.4 -0.2 0.0 0.2 0.4 0.6

Time (usecs)

24



View From Behind
8.5-inch x 8.5-inch
(21.6cmx 21.6 cm)
Sample

Credit: NASA/MSFC/T. Schneider
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